Abstract: At present time, both CT and MRI are valuable techniques in the study of the thoracic aorta. Nowadays, CT represents the most widely employed technique for the study of the thoracic aorta. The new generation CTs show sensitivities up to 100% and specificities of 98-99%. Sixteen and wider row detectors provide isotropic pixels, mandatory for the ineludible longitudinal reconstruction. The main limits are related to the X-ray dose expoure and the use of iodinated contrast media. MRI has great potential in the study of the thoracic aorta. Nevertheless, if compared to CT, acquisition times remain longer and movement artifact susceptibility higher. The main MRI disadvantages are claustrophobia, presence of ferromagnetic implants, pacemakers, longer acquisition times with respect to CT, inability to use contrast media in cases of renal insufficiency, lower spatial resolution and less availability than CT. CT is preferred in the acute aortic disease. Nevertheless, since it requires iodinated contrast media and X-ray exposure, it may be adequately replaced by MRI in the follow up of aortic diseases. The main limitation of MRI, however, is related to the scarce visibility of stents and calcifications.
Introduction
At the present time, both CT and MR imaging are valuable techniques in the study of the thoracic aorta. Nevertheless, differences in spatial resolution, movement artifact susceptibility, acquisition time, contraindications, and risks make a critical re-evaluation of the state of the technology useful to optimize their employment in relation to different clinical situations and apparatus performances.
Computed Tomography (CT)

Computed Tomography (CT) is currently the most widely employed technique for the study of the thoracic aorta. Fast scanning achieved with the new wide area detector, low artifact sensibility due to fast velocity tube rotation and 24-hour availability in the emergency rooms are the main advantages of CT usage in the medical practice [1] [2] .
The new generation CTs show sensitivities up to 100% and specificities of 98-99%, allowing the possibility to evaluate the entire aorta including lumen and wall , the possible thrombotic apposition and the peri-aortic area. Identification of anatomic variants is also possible ( Figure  1 ), as well as distinction among acute syndromes. The acquisitions require quite short times and nowadays they are almost universally available [3, 4] .
Sixteen and wider row detectors provide isotropic pixels, mandatory for the ineludible longitudinal reconstruction. Nevertheless, in the thoracic area the ECG-gated technique is strongly suggested to avoid the evidence of false positive flap due to high pulsatility of the root and ascending aorta. Thanks to the ECG-gated technique, it is possible to perform the kinetic evaluation of the aortic leaflets and is useful to assess the valve function. Unfortunately, the ECG-gated technique increases the acquisition time as well as the breath-hold required. This is why today the employment of a 64 or wider ECG-gated row detector system is suggested.
The main limits of CT are related to the X-ray dose exposure and the use of iodinated contrast media. The first aspect is amplified by the gated technique. When using the ECG-gated retrospective technique the acquisition is performed during the entire cardiac cycle. In post-processing, the best diastolic phase is chosen to reconstruct the thorax and thoracic aorta [5] [6] . The remaining irradiated cardiac cycle is deleted, making a large part of the irradiation time useless. In only a few cases is the entire cardiac cycle reconstructed to show evidence of systo-diastolic movements of the aortic leaflets. ECG-gated technique performed at the thoracic aortic level is responsible for a more than 1000 mGy X-ray exposure compared to a less than 500 mGy exposure in the non-gated acquisition. Of course, these data are variable and depend on patients' body mass, detector-efficiency, techniques of automatic tube current modulation and iterative reconstruction ( Figure 2) . Nevertheless, the retrospective ECG-gated technique significantly increases the dose exposure. The prospective ECG-gated technique is an interesting alternative [7] . Using this modality, the X-ray exposure is limited to the end-diastolic cardiac phase with a strongly effective dose exposure reduction. This acquisition is obtained using axial acquisition and step a shot moving table technique until the entire coverage of the studied organ is obtained. The main drawback is related to the misalignment of the subsequent steps responsible for the more or less evident lateral step. This aspect is minimized by using 16 cm wide area detectors to obtain the entire thoracic aorta with only one step. This is enough to acquire the thoracic region and for that eventually responsible of misalignment in a single level. This modality has the advantage of combining the ECG-gated technique and low level X-ray exposure ( Figure  3 ). Using a 320 row detector to acquire 16 cm in a single tube rotation, we obtained a mean value of 550±45mGy exposure in a cohort of 50 patients (mean BMI 26,1) [8] [9] [10] 
Contrast Media Administration
Injection of iodinated contrast-media remains another potential risk related to CT acquisition. In reality, the dimensional evaluation of the aorta can be obtained without contrast-medium injection on the axial slice. This may be useful in the monitoring of the aortic dilatation but is poor on the longitudinal reformatted images and inadequate in the endoluminal evaluation. In most of cases, the technique allows the acquisition of images without contrast media. This is particularly useful in cases of suspected intramural hematoma, with contrast medium injection useful for the complete evaluation of lumen and wall. Of course, the use of contrast media remains ineludible in the study of the intimal flap. Double syringe injector, fast imaging and high flow rate are adequate to reduce contrast medium quantity. Double injection of contrast media followed by saline A B Figure 3 : CT of the thoracic aorta showing moderate dilatation of the ascending aorta. The same patient was studied with the retrospective gated technique with a 320 row-detector, the effective dose was 919 mGy (A).
Step and shoot technique used at follow up was able to spare dose (DLP 425 mGy) but misalignment artifacts are evident at the ascending aorta (B).
A B
injection is the first step in reducing contrast medium. The pushing action of the saline injection avoids temporary persistence of the contrast-medium into the arm veins, and allows sparing of about 12 ml of iodine solution. Second, in addition toreducing the acquisition time, fast imaging also reduces the injection time needed to maintain intra-aortic high iodine concentration, resulting in a decrease of contrast medium volume down to 70 ml. Third, high rate injection is useful to reach a high density level using lower concentrated solution, leading to contrast medium volume reduction. The obtained total iodine dose reduction increases patients' renal tolerability [11] [12] .
3 Magentic Resonance Imaging (MRI)
Magnetic resonance imaging (MRI)
Magnetic resonance imaging has great potential in the study of the thoracic aorta. However, compared to CT, acquisition times remain longer and movement artifact susceptibility higher [13] [14] [15] [16] [17] . Different techniques are presently used in the thoracic aorta studies. Both ECG gated and ungated sequences are employed. The employment of contrast media still represents a controversial issue.
The most common acquisition modality is the breath hold 3D Fast SPGR ungated sequences obtained after paramagnetic contrast medium injection. This is a quite fast acquisition obtained using a spoiled gradient echo sequence with multiple k-space line simultaneous acquisition. Shorter Repetition time and Echo time are employed to nullify stationary tissues and enhance the intravascular contrast medium injection. These acquisitions are generally able to reduce the acquisition time to about 10-14 seconds with a sub millimeter voxel resolution. This modality requires 0.1 mmol/kg gadolinium injection followed by 20 ml of saline solution both at 1.0 ml/sec. The correct timing is a crucial point for the quality of the aortic images. The fluoro technique is generally preferred to the automatic bolus test. It is obtained by performing a preliminary very fast 2D acquisition at the level of the aorta to image the progress of the contrast medium into the vascular system and detect its arrival at the level of the aortic root. This is considered the optimal timing to start the 3D acquisition. A mostly 1.0 ml/sec flow velocity is considered adequate. Nevertheless, the correct calculation should be a flow velocity equal to maintain maximal arterial concentration during 2/3 of the scan time acquisition. Calculation includes the total gadolinium dose and acquisition time. The standard dose is 0.1 mmol/kg, but when contrast injection is required to resolve fine details, as in case of severe stenosis, a dose of 0.15-02mmol/kg can increase the detectability of pathological details. Similar considerations can be made for large aortic aneurysms, aortic dissection and when compensating for errors in bolus timing (Figure 4) .
Time resolved techniques may also be applied in the evaluation of the thoracic aorta. This modality also requires contrast medium injection and is acquired without cardiac gating.
The best advantages are related to the contrast medium dose reduction and short time acquisition avoiding the need for accurate timing after injection. These sequences are able to acquire the aortic volume in 1-4 seconds and multiple acquisitions are performed upon the contrast media arrival with the possibility to choose the best timing after acquisition. Only 4-5 ml of paramagnetic contrast media are required. This sequence is also called Projection Radial Time Resolved Imaging of contrast Kinetic (PR-TRIKS) (18) . The acquisition oversamples the central region of K space combining radial sampling and conventional Cartesian encoding. This modality combines the possibility to acquire high temporal and spatial resolution ( Figure 5 ).
All these contrast graphic acquisitions need post processing, usually using MIP reconstruction. Only in a few cases (aortic dissection) is the volume rendering reconstruction preferred. 
Non contrast graphic ECG gated acquisitions
2D ECG gated steady state acquisitions are also useful in the evaluation of the aortic thoracic disease. Topographic MRI evaluation is feasible using both axial and oblique sagittal view according to the direction of the aorta ( Figure  6 ). With this technique, the use of thin contiguous slices provides a complete evaluation of the aortic diameters and wall, giving useful information on the presence of aortic dilatation and presence of endoluminal thrombotic material and flap dissection. Dimensional comparison provides high agreement in the dimensional evaluation between 2D ECG gated steady state acquisition, ungated Contrast Enhanced 3D SPGR sequences and ungated Contrast Enhanced PR-TRICS sequences at the level of the middle ascending aorta, at the arc and the descending tract. Higher intra-and interobserver variability was found in the dimensional evaluation of the aortic root on gated acquisitions due to the absence of pulsatility artifacts with respect to ungated acquisitions in a series of 40 patients [19] . 2D sequences present limits in the evaluation of aortic branches and in very tortuous aortic vessels. An interesting solution is the use of ECG gated 3D fat saturated Steady State acquisition, first employed in the evaluation of the coronary arteries also called v-cats. Gated 3D steady State sequences are also useful in the evaluation of the aortic valve. They present an advantage over CT and can be applied routinely in patients with aortic root enlargement, adding information on the valvular dysfunction. By the use of acquisition through the outflow ventricular tract and parallel to the aortic annulus, it is possible to detect the presence of turbulent flow and leaflet defects. Moreover, using Gradient Encoding sequences it is possible to evaluate the velocity through the valve and calculate the pressure gradient or regurgitant volume [20] .
MRI disavantages
The main MRI disadvantages are claustrophobia, presence of ferromagnetic implants, pacemakers, longer acquisition times with respect to CT, inability to use contrast media in cases of renal insufficiency, lower spatial resolution and less accesibility than CT. Nevertheless, these limitations can now be overcome: claustrophobic patients can be evaluated using open high field magnets; most of the metallic implants are not ferromagnetic; MRI safe pacemakers [21] are being currently produced; the acquisition A B C time can be reduced (i.e. PR-TRICS sequences); the use of steady state sequences help overcome the limitation on patients with renal failure; spatial resolution is increasing with fast imaging and, lastly, MRI unit availability is also increasing.
Aortic measurements
A crucial point in the evaluation of both CT and MRI aortic acquisition is the modality in which the measurements are taken. Many radiologists are accustomed to taking measurements on the axial planes. Diameter measurements taken from the axial planes are inherently incorrect unless the aorta being measured is perfectly aligned in the cross-section on the image (22) . For this reason, we suggest to taking measurements on the longitudinal reformatted imaging. Standard measurements should be obtained at the aortic valve, at the maximal diameter of the aortic root, at the sino-tubular junction, at the middle ascending tract, at the arc, between the anonymous trunk and common left carotid artery and in the descending tract posterior to the left atrium. The signed levels are useful to repeat measurements at the same level in subsequent controls. Nevertheless, additional measurements are mandatory if enlargement is evident in any other level. Dimensional evaluation should be obtained on two longitudinal planes and the final diameters should be obtained by algebraic mean. Moreover, in the analysis of the root, the optimal size measurement should be obtained on images parallel to the root on the so called short axis view. Both CT and MRI images obtained on the short axis of the root are particularly useful in the evaluation of the root diameter when the latter is not circular but oval as normally occurs in the bicuspid aortic root. Of course, both CT and MRI are able to detect the presence of an aortic bicuspid valve.
Normal diameters
Normal diameters are generally considered ≤ 3.9 cm at the root level, ≤ 3.8 cm at the ascending tract, ≤3.0 at aortic arch and ≤ 2.5 cm at the descending area [23] . Of course, these parameters do not consider sex differences and body mass index (BMI). Indexed values are strongly suggested and are considered as normal BMI indexed values ≤ 1.4 at the level of the annulus, ≤ 2 at the Valsalva sinus, ≤1.7 in the sinotubular junction and ≤ 1.9 in the ascending aorta (Table 1) .
Aneurysmatic disease
Aneurysms are often an incidental imaging report with a prevalent involvement of the ascending aorta. The most common cause is related to a degenerative process of the media. Hypertension is also a common finding in these patients. Nevertheless, aortic dilatation is also associated with inherited conditions, Such as Marfan's, EhlersDanlos and Turner's syndromes [24] . The correct measurement of dilation is of extreme importance if you consider that an aneurysm greater than 6 cm has a rupture risk higher than 30% in 5 years and between 4 and 5.9 cm higher than 15% [25] .
A correct measurement is of utmost importance for surgical decisions. Most of surgeons generally consider 5.5 cm in diameter the surgical threshold for an ascending aortic aneurysm. The decision for surgery is made for aneurysms greater than 4.5 cm in diameter in Marfan's, Erlers-Danlos and Turner Syndromes, as well as in Bicuspid aortic valve disease. Similarly, 4.5 cm diameter aneurysms are generally considered appropriate for surgical approach in patients undergoing surgical aortic valvular repair. Due to the higher risk incidence in the descending thoracic aorta, surgical intervention is considered for aneurysms greater than 5.5 cm in diameter. Annual follow-up is generally required in these patients to evaluate whether they reach the previously mentioned limits or to evaluate an annual increase exceeding 0.5 cm, the latter being considered as an appropriate parameter for surgical decision, whether or not the standard diameters are reached [26] . 
Morphology
In addition to diameter, morphology is also essential in making the decision to proceed with surgery. Saccular aneurysms have a theoretically higher risk than fusiform ones. This may be explained by the pressure exercised by the turbulent flow in the saccular aneurysm, which is different from the pressure distribution in the fusiform one. Differentiations are present in the case of thrombosis. This represents a protection with respect to the risk of rupture, but increases the risks related to the thrombo-embolic disease.
Wall elasticity
In borderline cases, it may be wise to perform an evaluation of the aortic wall elasticity that is considered an ancillary risk factor. Loss of elasticity is considered a low prognostic factor in the risk of rupture and may add parameters, especially in borderline diameters. The analysis is generally obtained using ultrasound imaging that provides data more cheaply and in real time. Nevertheless, Cine MRI may provide similar results with high grade reproducibility [27] .
Acute Aortic Syndrome
In patients with Acute Aortic Syndrome, CT is generally preferred. The choice is due to faster imaging, which makes this technique more reliable in cases of uncooperative or unstable patients, or in presence of electronic devices. Moreover, CT is generally active 24hours in an emergency room. Due to the need of assistance and the higher susceptibility to movements artifacts, MRI plays a limited role in the management of these patients [28] [29] .
Intramural hematoma
CT is particularly useful in the diagnosis of acute hematoma, providing imaging on the unenhanced graphic acquisition of a thickened hyperdense wall. After contrast medium injection, the false lumen is not present and the thickened wall is better delineated 29.
Aortic Dissection
CT is the method of choice in the acute phase [30, 34] .
Aortic Dissection: Type A
CT provides a clear delineation of the intimal flap, its location and exertion involving the ascending aorta. Presence of thrombotic material into the false lumen is clearly detected after contrast medium injection. Moreover, it is possible to observe the entry door and the distal extension of the flap including the involvement of the aortic branches. Dimensional analysis may be obtained and pericardial blood effusion is clearly detected (Figure 7 ).
Aortic Dissection: Type B
CT is usually employed as first choice. This technique is able to demonstrate the presence of the dissection that does not involve the ascending area. Involvement of the abdominal aorta and aortic branches can be clearly detected. Dimensional analysis is generally performed and the ratio between the patent aortic false lumen and the true lumen is considered to evaluate the rupture risk of the aorta [35] . 
Follow-up
Both A and B types of aortic dissection need follow-up. In the case of type A, the follow-up is performed to evaluate the post-surgical condition. Early stage imaging may provide information on mediastinal surgical bleeding and patency of the residual dissection, if present. Subsequently, 1-and 6-month follow-up studies are required followed by annual controls, in order to evaluate size of the dissected aorta, persistence of false lumen patency or thrombotic evolution, evolution of the dissection and presence of aortic vessel involvement, anastomosis and prosthesis status [36] . Similar considerations can be made in the case of follow-up for the dissection of type B, but in most cases, they are limited by the natural evolution of the dissection due to non-surgical standard therapy. Nevertheless, the possibility to repair the type B dissection with endoprosthesis is today the most reliable treatment in a considerable group of patients. The evidence of the stent position is achievable only with CT. In reality, metallic stents are hardly visible on MRI. However, both techniques are adequate in the evaluation of the repair after the procedure and follow-up is required before discharge at 1 and 6 months, and yearly thereafter [37] [38] [39] [40] [41] [42] .
Report of Thoracic Aortic Imaging
The report should include: -Measurements of the aortic valve, root, sinotubular junction, middle ascending aorta, arc and mid descending aorta posterior to the left atrium -Site of pathological maximal diameter of the disease -Status of the wall including evidence of intramural hematoma or aortic dissection -Thrombotic material and evidence of atheroma or simple calcifications -Extension of the disease into the aortic branches -Peri-aortic, mediastinal hematoma, hematic pericardial fluid and contrast effusion (if present should be mentioned as sign of aortic rupture) -Image comparison with previous examination, if present
Conclusion
At present time, both CT and MRI are considered the best imaging modalities for the study of the thoracic aorta. CT is faster, less sensitive to movement artifacts and provides higher spatial resolution than MRI. For these reasons, CT is preferred in acute aortic disease. Nevertheless, since it requires iodinated contrast media and X-ray exposure, it may be adequately replaced by MRI in the follow up of aortic diseases. The main limitation of MRI, however, is related to the scarce visibility of stents and calcifications.
